Background
Results
In 237 out of 951 donors (25%), vascular multiplicity was present. CTA had the highest accuracy levels regarding vascular anatomy assessment. Regarding outcome of donors with vascular multiplicity, warm ischemia time (WIT) and skin-to-skin time were significantly longer if arterial multiplicity (AM) was present (5.1 vs. 4 .0 mins and 202 vs. 178 mins). Skinto-skin time was significantly longer, and complication rates were higher in donors with venous multiplicity (203 vs. 180 mins and 17.2% vs. 8.4%). Outcome of renal transplant recipients showed a significantly increased WIT (30 vs. 26.7 minutes), higher rate of DGF (13.9% vs. 6.9%) and lower rate of BPAR (6.9% vs. 13.9%) in patients receiving a kidney with AM compared to kidneys with singular anatomy.
Conclusions
We conclude that vascular multiplicity should not be a contra-indication, since it has little impact on clinical outcome in the donor as well as in renal transplant recipients.
Introduction
No oral or written consent was retrieved for this specific chart analysis, since the number of patients is very large. The data was anonymised prior to analysis.
From January 1 st 2006 to December 31 st 2013, data of all live kidney donors and transplantations (n = 951) was collected and retrospectively reviewed. Minors receiving a live adult donor kidney were excluded (n = 37), resulting in 914 KT, including 30 patients receiving a second kidney and one patient receiving a third kidney. In all our donors, renal vascular imaging was performed as part of a thorough standard medical screening by the nephrologist. Hereafter, each live donor is assessed by a dedicated transplant surgeon involved in live donor nephrectomy. The transplant surgeon determines which kidney will be retrieved based on the principle that the donor should be left with the best kidney and the side of the donor nephrectomy should be the least complicated one to avoid additional risk to the donor. Then, every donor is discussed prior to donation in a multidisciplinary team discussion involving (transplant) surgeons, nephrologists, anesthetists, donor coordinators, nurse practitioners and a urologist or psychologist if necessary. To discover any discrepancies in vascular anatomy between imaging and surgery, radiological and surgical reports were compared regarding vascular anatomy. The policy of our center in case of AM is that there is no contraindication for living donation, regarding the choice for left versus right kidney; the kidney with least arteries is chosen unless other factors determine that the other kidney should stay with the donor. In case of AM all transplant surgeons always aim for reconstructing the renal arteries in an end-to-side or side-to-side fashion to enable one arterial anastomosis in the recipient in order to keep the second WIT short. Only if the distance between the arteries is too large to enable safe reconstruction, separate arterial anastomoses are created in the recipient. Small (<3mm diameter) accessory arteries that are deemed not reconstructable will be ligated.
Results of the pre-operative imaging and intraoperative findings during live donor nephrectomy were correlated to several intraoperative and postoperative (surgical) outcome measures (warm ischemia time, estimated blood loss, skin-to-skin time, complications, alteration of operative technique, re-operations, length of stay, re-admission, rise in serum creatinine). Donor complications were classified according to the Clavien-Dindo classification [22] .
Furthermore, intraoperative findings regarding anatomy during donor nephrectomy were correlated to several intraoperative and postoperative outcome measures of KT recipients (warm ischemia time (WIT), estimated blood loss in milliliters, skin-to-skin time, complications (scored by Clavien-Dindo), length of stay (from postoperative day one to day of discharge), 30 day re-admission rate, creatinine drop (in μmol/L, comparing preoperative values with values of the first day after surgery and with one year postoperatively), primary non-function (PNF, defined as permanent absence of graft function), delayed graft function (DGF, defined as the need for dialysis within seven days after transplantation), BPAR (defined as biopsy-proven acute rejection within three months after transplantation), diuresis of the graft on the operation table, and several other (urological) complications amongst which postoperative wound infection, wound dehiscence, urinary tract infection, urosepsis and obstruction/ removal of the percutaneous nephrostomy). Since serum creatinine values can vary drastically depending on the time since last dialysis, we have chosen to include only pre-emptive recipients in the analysis of serum creatinine.
Several surgical techniques for donor nephrectomy are practiced in our center: transperitoneal laparoscopic donor nephrectomy with and without hand-assistance, hand-assisted retroperitoneoscopic donor nephrectomy and robot-assisted transperitoneal laparoscopic donor nephrectomy using the Da Vinci Surgical System. No 
Statistical analysis
All analyses were conducted using IBM SPSS Statistics for Windows, Version 21.0. (IBM Corp. Released 2012. Armonk, NY: IBM Corp.) Categorical variables were compared using the Chisquare test and continuous variables were compared with the Mann-Whitney U test or the independent samples t-test. Graft-and patient survival were expressed using Kaplan-Meier curves, and were compared using the log-rank test. P-values less than 0.05 were considered statistically significant.
Results
Regarding the donor baseline characteristics, of the 951 donors, 713 (75%) had single vascular anatomy of the kidney that was selected for donation. Of the other twenty-five percent, 139 (58.4%) had bilateral vascular multiplicity (Fig 1) . Left-sided vascular multiplicity was present in 139 (23,5%) of left kidneys, while right-sided vascular multiplicity was present in 99 (27,6%) of right kidneys. 44,5% was male and the mean age of the donors was 52 years. In 592 (62,3%) of the donors, the left kidney was chosen. No significant differences in age, sex, Body Mass Index (BMI), choice of kidney side, ASA-classification (American Society of Anesthesiologistsclassification) or surgical technique were observed between donors with single anatomy versus vascular multiplicity (Table 1) . Regarding KT recipients baseline characteristics, of the 914 recipients, 64,6% was male and the mean age of the recipients was 51,3 years. No differences were found in gender, age, Body mass index (BMI), relation with the donor, preoperative serum creatinine or the percentage of pre-emptive transplantations. (Table 1) Clinical consequences of vascular multiplicity for the donor Donors with AM had a significantly longer warm ischemia time (WIT) (5,1 minutes versus 4,0 minutes, p = 0.016) and skin-to-skin-time (202 versus 178 minutes, p < 0.001) compared to donors with a single renal artery (SRA). No significant differences were found in estimated blood loss (EBL), complication rate, conversion to an open operative technique, re-operations, length of postoperative hospital stay, and re-admission. VM had no significant impact on WIT, EBL, conversion to an open operative technique, re-operations, length of postoperative hospital stay, or re-admissions. VM did have a significant impact on skin-to-skin time (203 minutes versus 180 minutes, p < 0.001) and complication rate (17,2% versus 8,4%, p = 0.027) ( Table 2 ). The significance of complication rate in VM disappeared when Clavien-Dindo grade I complications (predominantly infections of the Pfannenstiel incision, hematoma formation at the incision site (opened at the bedside), and urinary retention not requiring insertion of a urinary catheter) were removed. Thus, considering complications ranked grade II and higher, no significant differences are found (p = 0.617).
In 32 (3,4%) cases, there was an intraoperative change in surgical technique. In 25 (2,7%) cases, single anatomy was present, and in 7 (0,6%) cases, the donor had vascular multiplicity. No significant differences were found. (p = 0.614). In 10 (1%) cases, surgery was converted to open surgery, and in the remaining cases, conversion was done from laparoscopic transperitoneal to hand-assisted transperitoneal, HARP to laparoscopic, robot-assisted to HARP or laparoscopic and robot-assisted continued with a handport. No significant differences were observed between single anatomy and vascular multiplicity (p = 0.186 for conversion to open technique, p = 0.614 for alteration in surgical technique). When scored according to the Clavien-Dindo classification, overall complications occurred as shown in Table A in S1 Data. One donor with a history of myocardial infarction developed ventricular bradycardia immediately postoperatively, had to be resuscitated but unfortunately did not survive. p = 0.008) and total warm ischemia time (30 versus 27 minutes, p = 0.002). No significant differences were noted in skin-to-skin time, EBL, postoperative length of stay or 30-day readmission rate. Regarding venous anatomy, no significant differences were found in above-mentioned parameters when comparing single and multiple anatomy. (Table 3 ) No significant differences were found in occurrence of PNF, diuresis of the transplanted kidney on the operation table before wound closure, thrombosis rate or urologic complications (defined as: necessitating a percutaneous nephrostomy) when comparing single arterial anatomy and AM. The rate of DGF was significantly increased in non-preemptive renal transplant recipients receiving a kidney with AM (p = 0.001). Interestingly, recipients of a kidney with single arterial anatomy had a significantly higher rate of BPAR (p = 0.012). This is an interesting finding that we cannot explain as the mean number of HLA-mismatches was exactly the same in the whole group (a mean of 3,3 HLA-mismatches, p = 0.885) and no significant differences were seen between mean HLA-mismatches in the BPAR-group comparing AM with a single artery (p = 0.511, data not shown). Moreover, the percentage of retransplantations in recipients suffering from BPAR in the single arterial anatomy group was not significantly higher (p = 0.945, data not shown). No significant differences were found in occurrence of diuresis before wound closure, thrombosis rate, PNF rate, PCN-insertion rate or rejection rate when comparing single venous anatomy and VM. Regarding complication rate in the recipients, we examined: postoperative wound infection, wound dehiscence, urinary tract infection, urosepsis and splint obstruction/removal. No significant differences were found in incidence of these complications when comparing single and multiple arterial and venous anatomy (Table 4) . If an accessory lower pole artery was present, it did not lead to an increased number of inserted percutaneous nephrostomies (p = 0.409)
Clinical consequences of vascular multiplicity for the KT recipient

Limitations
First, this is a retrospective study design with all the limitations inherent to the lack of prospective follow-up, and we recognize the possibility of information bias. Furthermore, by including many outcome parameters, statistically one in twenty should turn out significant. Second, renal vascular anatomy may be misclassified since radiologists and transplant surgeons each might have a different way of judging anatomy. For example, a transplant surgeon might have a more functional look at the present anatomy. Early branching of a singular renal artery, thus requiring separate dissection and clamping of both arterial branches, might be classified as two renal arteries. This example might have been correctly seen by the radiologist as a single renal artery with early branching and noted as such. This example may lead to an incorrect false negative imaging result. To correct for this possibility, all false negative imaging results have been examined independently (JAL/MB). In case of doubt, cases were reviewed by a supervising author (FJMFD). The reverse is also possible, however. Early branching may be misdiagnosed by a radiologist as dual arteries [23] . Third, we do not have any data of the sizes of the multiple vessels and their distances apart. For example, as two moderately sized arteries in very close proximity could be handled differently than two arteries, of which one is a very small lower pole artery that is separated by several centimeters from the dominant upper pole artery.
Fourth, considering the low number of donors presenting with rare anatomical variations (i.e. more than 3 arteries or veins, 3,1% total), no reliable conclusion can be made regarding the feasibility and safety of kidney donation in these cases. In our cohort, only 22 kidneys (2,3%) had three renal arteries and only one kidney (0,1%) had four arteries. Similarly, five kidneys (0,5%) had three veins, three (0,3%) had four veins and only one had five veins (0.1%) (Fig 1) . Moreover, these donors were carefully selected, and we did not analyze the potential donors with vascular multiplicity that were excluded, early in the screening process. Even in a high volume center as ours, with almost 1000 live donor nephrectomies performed in eight years, even higher numbers would be needed to get a sufficient insight in these rare anatomical variations. It would therefore seem prudent to create an international database containing information about these cases. Only in this way, can we collect enough information on the practice of live kidney donation to reliably assess potential donors presenting with these anatomical variations. Last, we were not able to analyze the number of vascular reconstructions 'on the bench', because of the relatively scarce reporting of these interventions in the operation reports. In addition, the exact type of reconstruction made (e.g. side-to-side or end-to-side anastomosis, becoming increasingly complex with an increasing number of arteries or veins) was often unclear. One could imagine that the need for a reconstruction could possible lead to a higher incidence of complications in a recipient. Furthermore, if a reconstruction was performed, the skin-to-skin time of the donor is longer, thereby introducing a confounder in the analysis of the donor outcome.
As stated in the introduction, only one guideline incorporated vascular multiplicity of possible live kidney donors (the British Transplantation Society) [16] . Although several studies have looked into vascular multiplicity, still, no hard statements are written regarding this issue. Some studies show an increased incidence of (ureteral) complications in recipients [10, 24] , whilst other show good outcome [11, [25] [26] [27] [28] .
Discussion
This study provides a meticulous overview and analysis of data of a large cohort of live kidney donors over a period of 8 years. In this time-period, only laparoscopic donor nephrectomies or other endoscopic techniques were performed, diminishing possible confounding. The findings of this study prove that renal vascular multiplicity in a living kidney donor should not be considered as a contraindication for kidney donation, provided an adequate preoperative workup has been performed, and the surgical team is experienced. WIT and skin-to-skin time are both significantly longer in donors with AM, and VM was only associated with a significantly longer skin-to-skin-time. In the VM group, the WIT was not longer, what can be explained by the fact that often smaller accessory veins are ligated before ligating the renal artery, after which the WIT starts. However, the impact of AM/VM on clinical outcome is small to non-existent. Furthermore, we have found no significant difference in parameters that would impact a donors' outcome, such as alteration of operative technique, conversion to open technique, length of stay, likelihood of reoperation or need for re-admittance. Although the complication rate was significantly higher for VM, this was only the case for Clavien-Dindo grade I complications. It has been postulated that the presence of lower pole arteries leads to more urological complications because of the fact that they normally vascularize the ureter. In contrast to the findings of Kok et al [12] ., reporting a significantly increased risk of ureteral complications in patients with an accessory lower pole artery, in our cohort the presence of additional lower pole arteries did not lead to an increased number of inserted percutaneous nephrostomies.
Looking at parameters related to recipient outcome, we found that AM/VM does not lead to increased morbidity and mortality. We also found no significant differences in intraoperative parameters such as EBL or skin-to-skin-time in KT. Second WIT was significantly longer for kidneys with multiple renal arteries, however, not leading to impaired outcome for the recipient.
Recently, Omoto et al. have analyzed their cohort of 533 live kidney donors [26] , looking only at the number of renal arteries, showing that AM might increase slow graft function (defined as: serum creatinine level is more than 3.0 mg/dL at 4 days after transplantation) but not acute rejection rates. In our cohort, we have also analyzed the presence of multiple veins. In general, the incidence of slow (SGF) and DGF is low in grafts procured from live kidney donors. The total rate of DGF in our cohort was 5,1% (n = 47). The incidence of DGF was significantly increased when transplanting a kidney with vascular multiplicity. One can argue whether these outcome measures are clinically relevant to analyze in grafts from live kidney donors, even if vascular multiplicity is present, because of the low incidence of DGF in kidneys from living donors. Furthermore, in our centre, a large percentage (40,7%) of the donations is done for preemptive transplantation. In our cohort, the mean WIT is increased by only two minutes due to VM. More importantly, graft-and patient survival are not negatively influenced by vascular multiplicity.
By performing this analysis of our cohort, consisting of a large number of live kidney donors and recipients, in conclusion, we have shown that live donor nephrectomy is a safe procedure for the donor, even with vascular multiplicity. Although vascular multiplicity is considered as a relative contra-indication to donation in current guidelines, based on our results we conclude that it should not be considered a contraindication at all. Obviously, robust screening is warranted in potential live kidney donors to ensure donor safety. Furthermore, in contrast to published literature [5, 12, 21] KT recipients receiving a kidney from a live donor with vascular multiplicity have excellent outcome as well, and no increased risk for urological complications.
Supporting Information S1 Data. Surgical techniques used for live donor nephrectomy. 
